A model for the coefficient of thermal conductivity of binary mixtures of gases has been derived. The theory presented is based on the assumption of random fluctuations between two possible extreme arrangements of a binary gas mixture. The results obtained from the new model compared favorably with published experimental results. The proposed new model provides a simple approach without sacrificing much accuracy compared to previous models. It is applicable to any binary mixture of gases which includes monoatomic gas mixture, polyatomic gas mixtures and mixtures involving rare gases. The new model can be very useful in analysis like combustion where the main equations are already sophisticated.
INTRODUCTION
Thermal analysis involving gas mixtures usually involves the evaluation of specific heats and thermal conductivities of the gas mixture. While the method for evaluating the specific heat of gas mixture is simple and straight forward, the evaluation of thermal conductivities of gas mixtures have been more sophisticated and several models have been developed (Shapiro, 2004; Li et al., 2011; Lindsay and Bromley, 1950; Mason and Saxena, 1958; Cheung et al., 1962; Simon et al., 1998; Tipton et al., 2009; Papari, 2009 ). The best approaches are rigorous and poses certain difficulties, so simple predictive models are desirable (Shapiro, 2004) . Many thermal systems involves binary mixtures of gases like fuel-oxidizer and carbon dioxidenitrogen, and the binary mixture gas is the simplest mixture level so some works have been focused on it (Simon et al., 1998; Tipton et al., 2009; Song et al., 2010; Barua et al., 1962; Hirschfelder, 1957; Gambhir and Saxena, 1966) . There is also a wealth of published experimental data on the conductivity of binary gas mixture systems (Simon et al., 1998; Tipton et al., 2009; Song et al., 2010; Gambhir and Saxena, 1966; Papari et al., 2005; Saxena et al., 1965) .
Works on simplified models for thermal conductivities of binary mixtures of gases includes the Wassijewa model which was based on kinetic theory and is given as (Wasiljewa, 1904) 
where the Ʌs are based on viscosity and conductivity. An equation of the same form was developed by Sutherland (1895) for the viscosity of gaseous mixtures. The simplified equation by Wassijewa later became complex as the best method for evaluating Ʌs were investigated (Lindsay and Bromley, 1950; Hirschfelder, 1957) . Hirschfelder et al. also proposed a simplified thermal conductivity model which was for gas mixtures as well as for pure gases (Hirschfelder et al., 1948) . The Hirschfelder et al equation is a modified form of the Euken equation (Euken, 1913) and is given as
The modified Euken equation failed to accurately predict thermal conductivities for gas mixtures. However, it accurately predicted the thermal conductivity of pure gases, since it was derived for polyatomic gas based on contributions due to degrees of freedom so having than one component of gas will amount to a difference in the degrees of freedom (Poling et al., 2000) .
Another form of simplified equation was recommended by Kennard (1938) and is given as
3) The Kennard equation requires the evaluation of a constant K from experimental work. Lindsay and Bromley (1950) showed that even when K is determined by least square method, the equation has error of up to 12%. The Kennard equation is more of a curve fit that requires sufficient data from experiment. Mason and Saxena (1958) later proposed a simplified model given as
which for the case of a binary gas mixture reduces to the Wassijewa equation form. The Gs are found as a function of molar masses and viscosities. The purpose of this work is to develop the simplest possible model for the thermal conductivity of a binary mixture of gases that will have an acceptable error or no error at all.
METHOD
Consider 1-dimensional heat conduction of a mixture of two gases A and B contained between two wall of temperatures T 1 and T 2 (see Fig.  1 ). The insulation is used to ensure illustration of heat conduction in xdirection only and allow for the control of mixture component fractions. The following assumptions are used in this analysis: i. Heat transfer is mainly by conduction and heat transfers by other modes are negligible. ii. The two gases are perfectly mixed.
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Available at www.ThermalFluidsCentral.org iii. The gas mixture is a continuum and at the walls, the mixture makes perfect contact with the wall so intermolecular and wall collisions are neglected and expected to reflect in the values of conductivities of the mixture components. iv. Heat conduction and variation of temperature is in the x-direction only.
Fig. 1 Mixture of two conducting gases A and B
The molecules of both gases are moving in random motion, so it can be assumed that the gas mixture is fluctuating between two extreme heat conduction arrangements of the gases. These two separate arrangements of the gases are series and parallel arrangement. Therefore, the heat conductivity of the gas mixture can be taken as the average of the heat conductivities obtained for the two heat conduction extremes. i. Heat conductivity of series arrangement: In this arrangement, the gases are separated and arranged in series as shown in Fig. 2 .
Fig. 2 Separated series arrangement of gases A and B
Thermal resistance method can be used to estimate the overall thermal conductivity of the resulting composite conductor. The overall thermal resistance is the sum of the thermal resistances of the two gases and is give as
It can be seen in Eq. (7) 
Thus, the thermal conductivity of the series arrangement is
ii. Heat conductivity of parallel arrangement: In this arrangement, the gases are arranged in parallel with the x-coordinate (See Fig. 3 ). By thermal resistance method, the effective resistance of the parallel composite arrangement is 
Eq. (11) can also be written as
Eq. (12) can be simplified as
It can be seen in Eq. (13) that
+ are the mole fractions of gases A and B respectively, thus
Therefore, the average of the two heat conductivities from Eqs. (9) and (14) gives the mixture heat conductivity.
This new equation, Eq. (16), is a function of mole fractions and thermal conductivities of the pure component gases at the mixture temperature.
No special constants or coefficients are involved, except the 0.5 coefficients which were obtained from taking the average between the two heat conductivity extremes. Tables 1-8 shows results of the proposed new model compared with experimental results that have been previously published. The individual gas conductivities were directly taken from the experimental data i.e. . The results showed that the proposed new model for estimating thermal conductivities of binary gas mixtures offers results with acceptable degree of accuracy for all cases of binary gas mixtures. High errors of more than 10% occurred at some combinations of N 2 -He (see Table 2 and 5) and O 2 -He (see Table 4 ). N 2 -He experimental results from two different authors were checked and similar error by the new model was observed. Therefore, the high error is not directly due to experimental error. However, under the influence of gravity, He is very light and tends to go up or go in the direction opposite the action of gravity when released in a heavier gas. Therefore, the N 2 -He and O 2 -He mixtures have higher tendencies to violate the number two assumption used in the derivation of Eq. (16). In fact, the N 2 -He and O 2 -He mixtures will be perfect mixtures in zero g or when a mixing device is used to ensure perfect mixing. The errors observed in the N 2 -He and O 2 -He mixture results were due to indirect experimental errors caused by the imperfection of the mixing of the two gases. In order to check the validity of this explanation of the high errors observed in the N 2 -He and O 2 -He results, a mixture of He and another light gas was checked (see Table 8 ) and a mixture of N 2 and O 2 was checked (see Table 6 ). In both cases it was observed that the new model, Eq. (16), results have errors of less than 5%.
COMPARISON OF MODEL RESULT WITH PUBLISHED EXPERIMENTAL DATA
Additionally, more published experimental data were checked and it was observed that the proposed model, Eq. (16) has errors averaging less than 2% in most cases (Dael and Cauwenbergh, 1968; Ghambir and Saxena, 1966; Lindsay and Bromley, 1950; Mason and Saxena, 1958; Papari et al., 2009; Song et al., 2010; Tipton et al., 2009 The new method eliminates some of the complexities involved in models that were previously developed by other authors. However, the new method is not recommended for mixtures involving a high density gas mixed with a very low density gas say, He or H 2 , in non-zero gravity conditions. 
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